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(54) Purification of gases using solid adsorbents 

(57) At least two contaminating gas components are 
removed from a feed gas stream by a swing adsorption 
method in which the feed gas stream ( 1 2) is fed in a feed 
direction at a first pressure and at a first temperature, in 
contact with a solid adsorbent (20;22) that adsorbs a first 
of said contaminating gas components more strongly 
than a second of said contaminating gas components 
so that said first contaminating gas component is ad- 
sorbed in an upstream portion (34; 34') of said adsorbent 
and said second contaminating gas component is ad- 
sorbed principally in a more downstream portion (36,36*) 
of said adsorbent. Said feeding is halted and the gas in 
contact with the adsorbent is depressurised to a second, 
lower pressure. A regenerating gas (56) is fed at said 
second pressure and at a second higher temperature, 
in a direction counter-current to said feed direction in 
contact with said adsorbent to produce a heat pulse trav- 
elling in said counter-current direction to desorb said 
Tess strongly adsorbed second contaminating gas com- 
ponent from said downstream (with respect to the feed 
direction) portion temperature swing adsorption whilst 
at the same time desorbing the more strongly adsorbed 
second contaminating gas component from said up- 
stream (with respect to the feed direction) portion pres- 
sure swing adsorption. The flow of regenerating gas is 
ceased before the heat pulse travels as far as said up- 
stream portion, and said adsorbent repressurised. Im- 
proved capacity for the more weakly adsorbed compo- 
nent allows longer cycle times than pressure swing ad- 
sorption and hence longer repressurisation times with 
consequently tess variation in purified gas output. The 
method has particular application to removal of water 



and C0 2 using alumina as adsorbent and nitrogen 
regenerating gas. 
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Description 

. toe methods and apparatus lor use in removing contaminating gas components from 

it is necessary to regenerate the adsorbent. . d b stopp j n g toe (low into the adsorbent ot gas to be 

,„ the pressure swing adeorpJon P^A system th s W ^ ^ ^ tow jn its ^nt 0 , the 

treated, depressuns.ng the adsorbent and. us suaiiy, oy pa _ a direction, 
component adsorbed on the bed through » he be ^ \ ou " te ^-^ ^3? ne b e d i s online, me adsorption process will generate 
Asthecomponentwhichisbeingremoved.sadsoroed whaethe^ r^ing the regeneration proc- 

heat of adsorption causing a heat pulse to P^^^J JS^SSS Ton the bed. In PSA. one aims to 
ess, heat must be supplied to desorb the ^SSmS^ ^ has reached the downstream end of the bed. The 
commence regeneration before the ^J^^^S^i the heat which derived from the adsorptton 

to Ca^at» 

the heat pulse menttoned above is allowed ^^^^^^ desorb the adsorbed gas compo- 
or on-line period. To achieve regenerate rt .s th ^ 3^ a nea t pulse moving through the bed 

nent. To this end the regenerate gas us sweated ^^SSS^m gas is usually followed by a flow of cool 

3 o the need to supply heat to the regenerates 9 a %™^ increase cost s. Typically, 

ficientfy high. e.g. 150'C to 200' C as » « JJJ process and generally one or more of 

there will be more than one unwanted gas ° om ^™*™™*'*™ Uv The hi g h temperature used for regenerate 
these components will adsorb strongly and J™*°^ Usually. * order to deal 

in TSA needs to be sufficient for the desorpUon of *° e ^ tim £ optimised TSA system w.ll 

with the need to adsorb differing components f ~ m 8^^^^^^ adsorbe d component (e.g. water) and 
use a dual adsorbent bed containing a ^^'^^^^^^g SSS^SSe). Thus, ^rremoving water and 

-roS 

thus condensing out much of its water content. insulated vessels, a purge preheater 

The high temperatures used in a TSA system g,v e rise to a need tor th ^ s ^ sua CQS rnecnanical spe c- 
and an inlet end precoo.er and ^"^^SSS using the purge preheater. 

ification for the system. In operate, ^ » "^SSS by avoiding the need for coping with high temperatures. 
WhilstthePSAsystemavoidsmanyofthesedisadvantagesbyavo^ operation the adsorbent 

the short cycle time which characterises PSAbr^sjwn *£ZS£Z£Sl*Z regeneration and re- 
is subjected to a feed period dur.ng wh«h adsorpUon totes ptoc fonow V P Jhe o( {eed ^ s lo5t „, 
pressurisation. During depressur.sat.on. the feed gas in me bed i is «™» hj h switcn IOSS es. Also, 
mis way is Known as me "switch loss". The short P^ice. one has two beds 
because the cycle is short it is necessary aha ^^^^^g phased with respect to one another mat 
of adsorbent undergoing me above cycles of ope ration ^^^ f ^ XUe lime availa ble tor repressurisat.on 
there is always one of me two beds .n rts feed or on-^e panod ^ ro J* , e ^ is in lurn Umited by 
and regeneration is limited by the t.me the c^te causes transient variations in me feed 

' r ° m p^A^deSr^e^b|f S Skarstrom, C.W. in -Meatless Fractionation of Gases over SoHd Adsorbents", vol. ... 95. N. 
W. U Td?cTc PreS Cleveland. Ohio 1972 and in US-A-4711645 (Kumar). 
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TSA is described by von Gemmingen, U. in "Designs of Adsorptive driers in air separation plants" - Reports on 
Technology 54/1994 - (Linde) using lower than normal temperatures, i.e. 80 to 130°C and short cycle times. 

A still lower temperature form of TSA is described in US-A-51 37548 (Grenier) using a regeneration temperature 
of 35°C with a 13X molecular sieve adsorbent. The prior removal of water by cooling the feed air is essential to this 
s process. 

US-A-4541851 discloses that one may practise TSA such that the heat pulse is consumed in desorbing both the 
more strongly and weakly adsorbed components from the adsorbent. 

US-A-4249915 and US-A-4472178 disclose an adsorption process in which moisture and carbon dioxide are re- 
moved from atmospheric air by adsorption in separate respective beds. The moisture laden bed is regenerated by 
io pressure swing adsorption in a relatively short operating cycle while the CO^ laden bed is regenerated thermally at 
considerably longer time intervals. The accomplishment of this naturally necessitates considerably increased apparatus 
cost in view of the need for separate columns to contain the moisture and carbon dioxide removing beds and additional 
ancillary equipment. Whilst providing certain benefits, to some extent the teaching of these specifications suffers from 
the disadvantages of both PSA and TSA. One has the high switch loss and variable output of the PSA water removal 
module and one also has the high energy demand and equipment cost of the TSA carbon dioxide removal module. 

The present invention now provides a method for the removal from a feed gas stream of at least two contaminating 
gas components comprising carrying out repeated cycles of operation which cycles comprise: 

feeding the feed gas stream in a feed direction at first pressure and at a first temperature in contact with a solid 
20 adsorbent capable of adsorbing a first of said contaminating gas components more strongly and a second of said 

contaminating gas components less strongly so that said first contaminating gas component is adsorbed in an 
upstream portion of said adsorbent and said second contaminating gas component is adsorbed principally in a 
more downstream portion of said adsorbent, 
halting the feeding of said feed gas stream, 
2$ depressurising the gas in contact with the adsorbent to a second, lower pressure, 

feeding a regenerating gas at said second pressure and at a second temperature higher than said first temperature 
in a direction counter-current to said feed direction in contact with said adsorbent to produce a heat pulse travelling 
in said counter-current direction to desorb said less strongly adsorbed second contaminating gas component from 
the downstream (with respect to the feed direction) portion of the adsorbent by temperature swing adsorption (TSA) 
30 whilst at the same time desorbing the more strongly adsorbed second contaminating gas component from the 

upstream (with respect to the feed direction) portion of the adsorbent by pressure swing adsorption (PSA), 
ceasing said flow of regenerating gas before the heat pulse travels as far as the upstream portion of the adsorbent 
in which is adsorbed the first contaminating gas component, 
and repressu rising said adsorbent. 

35 

The invention therefore combines TSA and PSA into a new single system of operation which may conveniently 
be referred to as TEPSA. Although the invention will be described here-after principally in terms of the removal of water 
and carbon dioxide from air as a necessary prelude to the separation of air into oxygen and nitrogen in a cryogenic air 
separation unit, it will be appreciated that the invention is applicable to essentially any situation in which a gas stream 

40 contains a first contaminating component which will adsorb strongly on a solid adsorbent and a second contaminating 
component which will adsorbed significantly less strongly, which will generally result in the first contaminating compo- 
nent adsorbing in an upstream portion of the adsorbent and the second contaminating component adsorbing in a 
downstream portion as well possibly as adsorbing to some extent in the upstream portion. 

In a preferred method of operating the invention, especially in connection with the removal of carbon dioxide and 

45 water from air, the first temperature referred to above is 10 to 50*C, e.g. 10 to 30°C. 

As indicated above, it would be conventional practice in operating a TSA system to remove water and carbon 
dioxide from air for the regenerating gas to be at the temperature of 1 50 to 200°C in order to get a sufficient heat pulse 
through at least the bulk of the adsorbent within the half of the overall cycle time (less depress urisation time) available. 
In accordance with the present invention, the heat pulse is not driven as far through the adsorbent as the portion 

so containing the more strongly adsorbed component. The heat pulse may stop anywhere within the more downstream 
portions of the adsorbent containing the more weakly adsorbed component depending on the operating conditions. 
The heat pulse does not have to reach the boundary between the two portions of the adsorbent. 

As one is not seeking to desorb the more strongly absorbed component by TSA one does not need to use such 
a high temperature regenerating gas in order to obtain sufficient heat input at a suitable regenerating gas flow rate. 

55 Therefore, according to the present invention, it is preferred to employ a substantially lower temperature for the regen- 
eration gas so that sufficient heating may be obtained by using waste heat which is readily available. Thus, the said 
second temperature is preferably from 40 to 1 00°C, more preferably from 40 to 60°C, e.g. about 50°C. The regenerating 
gas may be heated to such temperatures conveniently by heat exchange with heat generated in the main gas com- 
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pressors which are used to compress the feed air stream. 

The flow of regenerating gas may be at such a temperature throughout the regeneration period or, optionally, the 
flow of regenerating gas may be at such a temperature during a first part of the regeneration period and the temperature 
may then be reduced to a lower temperature, typically very similar to the temperature of the feed gas stream, for a 

5 further period of regeneration. In either case, a heat pulse produced by the heated regenerating gas will be progressively 
displaced through the adsorbent from the downstream end toward the upstream end within the portion of the adsorbent 
in which the less strongly absorbed, second, contaminating gas component (such as carbon dioxide) is adsorbed. 
According to the method of the invention, regeneration ceases before that heat pulse has penetrated into the first 
portion of the adsorbent bed containing the more strongly adsorbed contaminating gas component (such as water). 

10 As compared to a PSA system, one does not need to seek to confine the heat generated by adsorption within the 

bed, as heat is replaced in the bed from the heated regenerating gas. This enables the cycle time to be extended and 
switch losses to be reduced. Also, because the less strongly bound contaminating gas component is more effectively 
removed from the downstream portion of the bed using the heated regenerating gas than it would be by PSA conducted 
without heating the regenerating gas at all, the effective regenerable capacity of the adsorbent for the less strongly 

is adsorbed contaminating gas component is increased and the cycle time may be extended without break-through of 
the contaminating gas component from the bed. 

Sufficient of the heat of adsorption from the on-line cycle will remain in the bed to allow desorption of the more 
strongly bound component by PSA. Typically, there will be a drop in the temperature of the adsorbent in the stronger 
adsorption zone due to a net heat loss, but this will not be sufficient to prevent successful PSA regeneration. 

20 Benefits of extending the cycle time are a decrease in switch loss and the possibility of having more time available 

within which to conduct repressurisation at a more gradual rate, thereby reducing the variation in the output of purified 
gas with benefit to downstream processes. Alternatively, one can derive the benefit of the increase in the effective 
capacity of the adsorbent by using a lesser volume of adsorbent. 

In order to counter temperature fluctuations in the feed gas freed from contaminating components produced ac- 

25 cording to the method of the invention, it is preferred that the said purified feed gas is cooled before being supplied for 
further processes. Such cooling may be carried out by feeding the purified gas stream in heat exchange with the 
regenerating gas as a first stage in warming the regenerating gas. 

The invention also provides apparatus for the removal from a feed gas stream of at least two contaminating gas 
components comprising: 

30 

solid adsorbent capable of adsorbing a first of said contaminating components more strongly and a second of said 
contaminating gas components less strongly, 

a vessel containing said solid adsorbent for gas flow in contact therewith, 

an inlet to said vessel for feeding the feed gas stream in a feed direction in contact with said solid adsorbent and 
35 an outlet from said vessel for said feed gas, 

valve means for starting and for halting the feeding of said gas stream, 

valve means for depressu rising the gas in contact with the adsorbent to a second, lower pressure, 
an inlet to said vessel for feeding a regenerating gas in a direction counter-current to said feed direction in contact 
with said adsorbent, 
40 an outlet from said vessel for said regenerating gas, 

valve means for starting and halting the flow of regenerating gas, 
means for heating said regenerating gas, and 

means for controlling the operation of the said valve means and said heating means so as to carry out repeating 
cycles of operation comprising: 

45 feeding the feed gas in contact with the adsorbent stream in a feed direction at a first pressure and at a first 

temperature in contact with said solid adsorbent so that said first contaminating gas component is adsorbed in an 
upstream portion of said adsorbent and said second contaminating gas component is adsorbed principally in a 
more downstream portion of the adsorbent, 
halting the feeding of said gas stream, 

so depressurising the gas in contact with the adsorbent to a second, lower pressure, 

feeding a regenerating gas at said second pressure and at a second temperature higher than said first temperature 
in a direction counter-current to said feed direction in contact with said adsorbent to produce a heat pulse travelling 
in said counter-current direction to desorb said less strongly adsorbed second contaminating gas component from 
the downstream (with respect to the feed direction) portion of the bed by TSA whilst at the same time desorbing 

55 the more strongly 

adsorbed first contaminating gas component from the upstream (with respect to the feed direction) portion of the 
adsorbent by PSA, and 

ceasing said flow of regenerating gas before the heat pulse travels as far as the upstream portion of the adsorbent 



4 



V' 



EP 0 766 989 A1 

in which is adsorbed the first contaminating gas component. 

Preferably, said control means operates to cease the heating of the regenerating gas before the flow of regenerating 
gas is halted so that there is a period in which the flow of regenerating gas continues unheated. 
5 Said apparatus may further comprise compressor means compressing said feed gas and thereby producing heat, 

and said means for heating the regenerating gas may comprise heat exchange means for heating said regenerating 
gas with the heat produced by compression of the feed gas. 

The apparatus may further comprise means for cooling the feed gas stream after removal of said contaminating 
gas components which as indicated above may be heat exchange means for transferring heat from said heat gas to 
10 said regenerating gas. 

The following is a description by way of example only and with reference to the accompanying drawings of presently 
preferred embodiments of the invention. In the drawings:- 

Figure 1 schematically illustrates apparatus for use according to a first embodiment of the invention; 

15 

Figure 2 schematically illustrates apparatus for use in accordance with a second embodiment of the invention; 

Figure 3 is a graph showing the C0 2 concentration distribution through an adsorbent bed under PSA regeneration 
conditions, as calculated by computer simulation; and 

20 

Figure 4 is a similar computer simulation output in respect of TEPSA regeneration conditions. 

Figures 1 and 2 each show apparatus for removing carbon dioxide and water from air which is to be passed to a 
known form of cryogenic air separation unit (not shown) which provides separated oxygen and nitrogen, the latter being 

2S in part used as regenerating gas in the illustrated air purification apparatus. 

As shown in Figure 1 , air to be purified is supplied to a main air compressor system 1 0 at an inlet 1 2 in which it is 
compressed by a multi-stage compressor with inter and after cooling by heat exchange with water. The cooled com- 
pressed air is supplied to an inlet manifold 14 containing inlet control valves 16 and 18 to which is connected a pair of 
adsorbent bed containing vessels 20 and 22. The inlet manifold is bridged downstream of the control valves 16 and 

30 18 by a venting manifold 24 containing venting valves 26, 28 which serve to close and open connections between the 
upstream end of respective adsorbent vessels 20 and 22 and a vent 30 via a silencer 32. Each of the two adsorbent 
beds 20 and 22 contains a single adsorbent. A lower portion of the adsorbent is designated by the numeral 34, 34' in 
respective beds and upper portion by the numeral 36, 36' to aid further discussion but it should be understood that 
there is no fixed boundary between these two regions. 

35 The apparatus has an outlet 38 connected to the downstream ends of the two adsorbent vessels 20, 22 by an 

outlet manifold 40 containing outlet control valves 42, 44. The outlet manifold 40 is bridged by a regenerating gas 
manifold 46 containing regenerating gas control valves 48 and 50. Upstream from the regenerating gas manifold 46, 
a line 52 containing a control valve 54 also bridges across the outlet manifold 40. 

An inlet for regenerating gas is provided at 56 which through control valves 58 and 60 is connected to pass either 

40 through a heater 62 or via a by-pass line 64 to the regenerating gas manifold 46. 

The operation of the valves may be controlled by suitable programmable timing and valve operating means as 
known in the art, not illustrated. 

In operation air is compressed in the main air compressor system 1 0 and is fed to the inlet manifold 1 4 and passes 
through one of the two vessels containing adsorbent. Starting from a position in which air is passing through open 

45 valve 1 6 to adsorbent vessel 20, and through open valve 42 to the outlet 38, valve 1 8 in the inlet manifold will just have 
been closed to cut-off vessel 22 from the feed of air for purification, valve 44 will just have closed also. At this stage 
valves 46, 50, 52, 26 and 28 are all closed. Bed 20 is thus on-line and bed 22 is to be regenerated. 

To commence depressurisation of bed 22, valve 28 is opened and once the pressure in the vessel 22 has fallen 
to a desired level, valve 28 is kept open whilst valve 50 is opened to commence a flow of regenerating gas. The 

so regenerating gas will typically be a flow of dry, C0 2 -f ree nitrogen obtained from the air separation unit cold box, possibly 
containing small amounts of argon, oxygen and other gases, to which the air purified in the apparatus shown is passed. 
Valve 60 is closed and valve 58 is opened so that the regenerating gas is heated to a temperature of for instance 70°C 
before passing into the vessel 22. Although the regenerating gas enters the vessel 22 at the selected elevated tem- 
perature, it is very slightly cooled by giving up heat to desorb carbon dioxide from the upper, downstream portion 36' 

55 of the adsorbent in the vessel. Since the heat pulse is retained in the system, the exit purge gas emerges from the 
vent outlet 30 in a cooled state. Progressively, a heat wave moves through the portion 36' of the adsorbent as the 
carbon dioxide is cleared. After a desired period, whilst the heat pulse is part way through the portion 36', valve 58 is 
closed and valve 60 is opened so that the flow of regenerating gas now becomes cool. The cooled regenerating gas 
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displaces the heat pulse turther through the P«««» J J^Stfed by TS A, the cool regenerating gas has con- 
Whilst the upper portion ot the adsorbent has been V & has desorbed wa ter ,rom 

tinuedtoflow through the lowerport^ 

the upstream portion of the adsorbent by PSA. At the end oune « from the absorbent and. after 

to end the flow of regenerating gas >ri«MM maybe opened tod ^P ^ ^ may be ^ ^ a ^ 

the closing of valve 28, to repressunse the vessel *^^5d ual heat left in be d may be removed by purrfied mt 
^ 8 and 44 may be opened to put the vessel 2 back ^on ^^^^ ^eye^amaythenbewgenersMd 
asatemperaturepu.se which can be removod.n^ 

Tepret™^^^^ 

"' In accordance with the invention, the heat the region 34. 34' below the 

the portion of the adsorbent into which r^^^S^^oM of the regions 34. 34' and 36. 36' are 
boundary with the region 36. 36' shown .n Wf^wT he P ature> cycle time and purge/air rat.o. 

is precooled before being introduced mto the TEPS A »»* » • ^ d air is coole d with cooling water, whtch 

two stage after cooler comprising a f.rst ^2*^J*£ESS* in a heat exchanger 74. Heat exchangers 
in turn is heat exchanged with purge nrt^ 

72 and 74 form a closed water regulation system ^wrth a-W exchanger 74 is controlled by valves 80 
gas around the heat exchanger 74 and flow through *^ ™ air may be removed in a second stage cooler 

9 and82 respective*. ^^^^i^S^^^ 

Thus one may employ a fcyered bed c0 * a ^ 

molecular sieve. More preferably however o"""^™ activated alum .na or silica alumina as known n 
in layers of different types. Thus for .nstance ^^SS^teh may be produced by adsorbing approx.ma ely 
the art. Alternatively, it may be an enhanced alumina °f the type wh.cn y p ^ 
5 o /o oy weight potassium carbonate on J^^^^^S^ high capacity for carbon diox.de and 
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Air Feed Pressure 
Air Feed Temperature 
Purge Normal Temperature 
Purge Heat Pulse 
On-line 

Purge Heated Duration 
Molar Purge/Air Ratio 
Feed C0 2 Cone 
Purge Pressure 



Units 

bara 
°C 
°C 
•C 
min 
min 

ppm 
bara 



T ABLE 1 

Preferre d Range 
3 to 25 
10 to 50 
10 to 50 
40 to 100 
15 to 120 
5 to Total 
0.2 to 0.8 

100 to 700 
0.3 to 3 



Most Pref erred Range 
5 to 10 
10 to 30 
10 to 30 
40 to 60 
30 to 45 
10 to 15 
0.3 to 0.5 

300to500 
1.05 to 1.3 



pqa and TEPSA systems with the duration of the operations making up each 
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Example 1 

Apparatus as shown in Figure 2 is operated according to the following parameters: - 

s Air pressure = 6 bara, 

Purge Pressure =1.1 bara, 

Molar Purge/Air ratio = 0.45, 

Adsorbent bead size = 1.2 - 2.4 mm, 

Air Feed Temp = 30°C, 
io Max Purge Temp = 70°C, 

Adsorbent type = activated alumina. 

The switch loss and capacity for PSA and TEPSA systems are found to be as shown in Table 2 below. 
75 TABLE 2 



20 



Adsorber 


On-line 


Hot Purge 


Cold Purge 


Repress- 


Switch Loss 


Capacity 


Bed 


Type 








urise 






Composition 




min 


min 


min 


min 


% of Feed 


kg air/ kg 


Alumina 














ads/h 




Optimum 


14 




12 


2 


0.9 


3.1 


Alumina 


PSA 
















TEPSA 


30 


10 


16 


4 


0.4 


4.6 


K 2 C0 3 
















Alumina 


TEPSA 


30 


10 


16 


4 


0.4 


3.1 


Alumina 



It will be noted that the switch loss is reduced by half and that the TEPSA system allows the repressurisation period 
to be doubled in length, so reducing fluctuations in the output of purified air by allowing purified air to be abstracted 
from the on-line bed at a lesser rate to achieve repressurisation of the second bed. 



Example 2 

TEPSA is conducted using the apparatus of Figure 2 according to the following parameters: - 

Air pressure = 10 bara, 
Purge Pressure = 1.1 bara, 
Molar Purge/Air ratio = 0.3, 
Adsorbent bead size = 1.2 - 2.4 mm, 
Air Feed Temp = 30°C, 
Max Purge Temp = 70°C, 
Adsorbent = activated alumina. 

The switch loss and capacity are found to be as shown in Table 3 below. 



TABLE 3 



so 


Adsorber 
Type 


On-line 


Hot Purge 


Cold Purge 


Repress- 
urise 


Switch Loss 


Capacity 


Bed 
Composition 


min 


min 


min 


min 


% of Feed 


kg air/ kg 
ads/h 




Optimum 


14 




12 


2 


1.4 


2.8 


Alumina 




PSA 


















TEPSA 


30 


10 


16 


4 


0.5 


3.1 


K 2 C0 3 


55 
















Alumina 


TEPSA 


30 


10 


16 


4 


0.6 


2.8 


Alumina 



The benefits of TEPSA are graphically shown by Figures 3 and 4. In a PSA regime, the C0 2 concentrations along 
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r n«rind and at the end ot regeneration are shown in Figure 3. PSA takes 

CcnpanaB the position, at 0» «» * "° "S^Tt^ t,. M» "» ll» outve ia n«» .ta»P.' t»"S> TEPSA 
u .ina PSA and Iho 30 mioulo onJino pen<« »«.no TEPSA. « OOT o. m ^a, ime usod. 

s * s M o U ™ >*. » !*■ °» srss*. *»»w«'>««*3 

„ .ho* b. r ». a..* The mM tmkly .*°»«> 

halting the feeding of said teed gas stream i (1 .2). towef pressure , 

depressurising the gas in contact with the at a second temperature higher than sa.d f.rst 

Ceding a regenerating gas (56) at sa.d second p ^V^'^acl with said adsorbent (20.22) to pro- 
empeiture in a direction said less strongiy adsorbed second 

ssssssa^ - — * — (34;34,) pressure 8W,n9 ad " 

SSsaidflowof regenerating gas (5 6) before *e heat p U ,se travels as far as said upstream portion (34; 
34*) and 

repressurising said adsorbent. 
^..oo 9 v«.»"..'>.^~^ < '» s " , ' 5Ca,b< *' d ' OX,ae „, „ 

4 A n»thod a. Cairns in can 3, — * — « »«' B ^ 
6 Am .^ a .c^inC,a ta ,«C l . ta ^...-«.-«-^»' i!l '- 4OK,0O,C 

, An., M a.o^inanVona. r p.- r - rg ^ 
equal to said first temperature. 
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adsorbent (20';22') is heat exchanged (88) against cooling water produce a constant final delivery temperature. 

11 . Apparatus for the removal from a feed gas stream (1 2) of at least two contaminating gas components by a method 
as defined in Claim 1 comprising: 

5 

a vessel (20;22) containing solid adsorbent capable of adsorbing a first of said contaminating components 
more strongly and a second of said contaminating gas components less strongly, 

an inlet to said vessel (20;22) for feeding the feed gas stream (1 2) in a feed direction in contact with said solid 
adsorbent and an outlet from said vessel (20; 22) for said feed gas (12), 
10 valve means (16,42; 18,44) for starting and for halting the feeding of said gas stream (12), 

valve means (26;28) for depressurising the vessel (20;22) to a second, lower pressure, 
an inlet to said vessel (20;22) for feeding a regenerating gas (56) in a direction counter-current to said feed 
direction in contact with said adsorbent, 

an outlet from said vessel (20;22) for said regenerating gas (56), 
is valve means (48;50) for starting and halting the flow of said regenerating gas (56), 

means (62) for heating said regenerating gas (56), and 

means for controlling the operation of the said valve means and said heating means so as to carry out repeating 
cycles of operation as defined in Claim 1 . 

20 12. Apparatus as claimed in Claim 11 , wherein said control means operates to cease the heating (62) of the regener- 
ating gas (56) before the flow of regenerating gas (56) is halted so that there is a period during which the flow of 
regenerating gas (56) continues unheated. 

13. Apparatus as claimed in Claim 11 or Claim 12, further comprising compressor means (10') for compressing said 
25 feed gas (1 2') and thereby producing heat, and wherein said means (62) for heating the regenerating gas comprises 

heat exchange means (72,74) for heating said regenerating gas (56) with the said heat produced by compression 
of the feed gas (12'). 

14. Apparatus as claimed in any one of Claims 11 to 1 3, further comprising means (88) for cooling the feed gas stream 
30 after removal of said contaminating gas components. 
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